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Abstract: This paper presents first how to use the wires of a woman’s bra to achieve off-body transmission at 2.4 GHz. 
The arrangement of the curved wires of a bra is used as a dipole radiating in free space when the length of the wires is 
progressively increased. Then, torso and breast phantoms are numerically created to welcome the curved dipole in 
close proximity. With several parametric studies, it is demonstrated that even if the radiation efficiency is strongly 
decreased due to the torso losses, suitable off-body radiation patterns can be obtained for off-body transmissions. 
Also, different breast implants regarding size and constituent are considered, simulated and evaluated to make this 
study fully applicable to a wide variety of population. As an alternative to the Bra-tenna and especially if wire-less bras 
are of concern, a novel Bra-Dielectric Resonator Antenna (Bra-DRA) is introduced providing radiation efficiency 20 
times higher than the Bra-tenna still maintaining equivalent radiation patterns in terms of shape. The novel so-called 
Bra-tenna and Bra-DRA could find applications for sensor-based transmission between a women’s bra and a 
smartphone, a set-top box, a WiFi access point or any other smart object. 


Keywords: Off-body transmission, On-body antennas, Sensors, Bluetooth connection, Bra-antenna, Bra-Dra, 
Implants. 
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In 2020, 50 billion of connected devices 

Google glass, nutricook connect, kolibree toothbrush ... 
“True Love Tester” is a bra that cannot be unhooked without true love: eccentric 
idea but built-in sensor to read woman’s heart-rate signal 

Connected bra was recently developed by Microsoft research, Rochester Univ. and 
Southampton Univ.: physiological measurements with the help of sensors 

Those connected bras use poorly and bulky integrated antennas 
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True Love Tester 





Hypothesis 1: Use the already existing wires of a bra to achieve a suitable 2.4 GHz 
integrated antenna for connected bras 

Hypothesis 2: If wire-less bras are of concern, introduce a novel Bra-Dielectric Resonator 
Antenna (Bra-DRA) 
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Simulation model for the wires 


Z ào=12.5cm @ 2.4 GHz 
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6.9 dBi 4.5 dBi 
(+y) 
Several dipoles with length varying from 0.3 to 3A, were simulated 
Non-omnidirectional characteristics & different max. gain directions 
Useful for our purpose 


Efficiency is not affected 
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Torso Phantom: er=40 ; o=1S/m 0.442, Straight & Curved Dipoles in free space 
Breast Phantom: er=6; o=0.5S/m 





1 
Straight Dipole Curved Dipole 


2.7 dBi 1.3 dBi (+z) 
0. 44 Curved Dipole over a torso depth from 0.125 i, (1.56cm) to 0.625 1, (7.8cm) 
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> Very thin torso implies strongly distorted pattern 


> When torso increases, radiation tends to be directive (+z) until 6.8 dBi 
> 0.2%/0.3% radiation efficiency (-23dBi gain) 








Perfectly rounded |breast radius is 6c 











Length of the curved dipole increases 


No breast With breast 
> Account for different bra sizes i 





0.15%, Dipole 3% Dipole 
6.1 dBi Directivity 6.2 dBi Directivity 
0.4 % Efficiency 0.2 Efficiency 





Torso increases (FE-BI simulations) 
> No major distortion: good for different corpulence 
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15cm torso 15 cm torso 20 cm torso 30cm torso 








Breast radius increases from 5cm to 7cm 
> 3.6 dBi to 6.5 dBi directivity 

> The bigger, the better ? 

> No because efficiency slightly decreases 


Breast Implants 
Silicone gel: € =2.7 ; tan 0=0.002 
Sterile saline solution: ¢=81 ; o=4S/m 
Implant is 1/3 and 2/3 of the breast 
No significant changes 
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BRA-DRA inspired from hemispherical DRA 
Very good matching and 7.2 dBi directivity 
Monopole or dipole configuration possible 
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Push-up Bra 





15 30 (mm) 


Small ground plane mimics sensor ground plane ‘a 
-10.3 dBi realized gain and 2% total efficiency (Mon.) e 

-9.9 dBi realized gain and 2.2% total efficiency (Dip.) 
-8.7 dBi realized gain and 2.7% total efficiency (Imp.) 


Conformal feeding strip f 
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Antenna Type 


Bra-tenna Dipole 


Bra-tenna Dipole 
+ Implant 


Bra-DRA Monopole 
Bra-DRA Dipole 


Bra-DRA Monop. 
+ Implant 


Bra-DRA Dipole 
+ Implant 
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Realized gain 
in +z direction 


-25.81 dBi 


-25.82 dBi 


-10.31 dBi 


-9.91 dBi 


-8.04 dBi 


-8.77 dBi 


Total Eff. 


0.2% 


0.15% 


2% 


2.2 % 


2.7 % 


2.6 % 


Max. SAR 


1g 
P._.=10dBm 


1.25 W/kg 


0.98 W/kg 


1.92 W/kg 


1.49 W/kg 


NA 


1.98 W/kg 






Max. SAR 
10g 
P, =10dBm 


0.35 W/kg 


0.35 W/kg 


0.55 W/kg 


0.27 W/kg 


NA 


0.43 W/kg 


RECENT PROGRESS 


Bra-tenna Integration Live test shows 15dB higher RSSI with 


with TI sensor __Bra-tenna versus printed IFA 
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Wires of a woman’s bra to achieve off-body transmission at 
2.4 GHz 


Radiation efficiency is low but off-body radiation patterns is 
Suitable 


Different breast implants (size and constituent) were 
considered 


Novel Bra-DRA providing 20 times higher radiation efficiency 
than the Bra-tenna 


Could be easily fabricated with embroidered techniques or 
inkjet printed on textile 


